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Bioequivalence 

• The absence of a significant difference in 

the rate and extent to which the active 

ingredient or active moiety in 

pharmaceutical equivalents or 

pharmaceutical alternatives becomes 

available at the site of drug action when 

administrated at the same molar dose 

under similar conditions in an 

appropriately designed study…” (21 CFR 

§320.1) 

 



Plasma Concentration Profile  
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Tmax - time of maximum concentration 



Possible Outcome of BE Studies 
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T/R (%) 80% 125% 

Demonstrate BE 

Fail to Demonstrate BE 

Fail to Demonstrate BIE 

Demonstrate BIE Demonstrate BIE 
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FDA 12 Year BE Data 
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Distribution of AUCt Ratios 

N = 2069

Average difference = 3.56% 



Effect of Variability on BE Studies 
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T/R (%) 80% 125% 

High variability 
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Development of BE Standard for  

Highly Variable Drugs 
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3/2008

9/2008

1/2009

5/2009

4/2010

Present

t presentation to the FDA Advisory Committee 

ond presentation to the FDA Advisory Committee 

eived the first ANDA which used the new FDA BE approach  

cal Path Opportunities for Generic Drugs BE of HVD 

A OGD’s first publication on BE of HVD (Pharm. Res.) 

A OGD’s second publication on BE of HVD (AAPS J) 

A OGD’s third publication on BE of HVD (AAPS J.) 

A OGD’s fourth publication on BE of HVD (Generic Book) 

d (final) presentation to the FDA Advisory Committee 

A OGD published guidance on BE of HVD drug 

r 20 presentations at national and international meetings 

merous ANDAs have been approved  
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FDA OGD Scaled Average BE 

Approach for Highly Variable Drugs 
• Three-period BE study  

– Provide reference product (R) twice and test product (T) once 

– Sequences = TRR, RRT, RTR 

• When the variability from the study CVWR > 30%, 
– BE criteria scaled to reference variability  

– BE Limits (upper, lower) = EXP (± 0.223 σWR/ σWO ),, σWO =0.25 

– [80%, 125%] as a point estimate constraint  

• When the variability from the study CVWR < 30%, 
– use unscaled average bioequivalence 

• Both AUC and Cmax should meet BE acceptance criteria 

• The minimum number of subjects is 24 
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Effect of Variability on BE Studies 
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T/R (%) 80% 125% 

Low variability 



Narrow Therapeutic Index Drugs Have Low  

Within-Subject Variability  
Summary of Residual Variability (% CV) from ANDAs reviewed between 

1996-2008 

AUC0-t Cmax 

Drugs Mean Range Mean Range 

Warfarin (n=29) 5.7 3.3,   11.0 12.7 7.7, 20.1 

Levothyroxine (n=9) 9.3 3.8,   15.5 9.6 5.2, 18.6 

Carbmazepine (n=15) 8.0 4.4,   19.4 8.7 5.2, 17.6 

Lithium Carbonate (n=16) 7.8 4.5,   14.0 13.5 6.4, 24.4 

Digoxin (n=5) 21.7 13.1, 32.2 21.0 14.3, 26.1 

Phenytoin (n=12) 9.2 4.1,   18.6 14.9 7.4,  20.0 

Theophylline (n=3) 17.9 12.8,  24.2 18.2 11.8, 25.8 
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Total Prescription Drugs Dispensed in 

the United States  
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DHHS Assistant Secretary for Planning 

and Evaluation Issued Generic Use Brief 

December 1, 2010 

• Barriers to Greater Savings from Generic 

Drug Use  

– …limit generic substitution by the pharmacist 

for drugs with a Narrow Therapeutic Index 

(NTI)…NTI drugs include some anti-epileptic 

drugs, warfarin, and digoxin…some states 

require that generic versions can not be 

substituted for NTI drugs without the 

prescriber’s consent.  
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Patient, Pharmacist, and 

Physician Perception 

• Overall, patient, pharmacist, and physician 

have a great of concerns on the use of 

generic NTIs 

– Physicians caring for epileptic patients 
• 606 physicians responded to survey 

• 88% concerned about breakthrough seizures with 

formulation switch (65% had seen this occur) 

• 55% prescribed AED “brand only” 
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Canada – Health Canada 

• Usual BE Acceptance Criteria  

  AUC – 90% Confidence Interval (CI) of T/R ratio should 
  fall within 80.0 – 125.0% 

   Cmax – T/R point estimate should fall within 80 – 125%  

• Recommended BE Acceptance Criteria for Generic CD Drugs 

  Both AUC and Cmax – 90% CI of T/R ratios should meet 
  acceptance criteria 

  AUC – 90.0 – 112.0% 

  Cmax – 80.0 – 125.0% 

• Drugs considered NTI 

 Cyclosporine     Digoxin      Flecainide         Lithium 

 Phenytoin        Sirolimus  Theophylline   Warfarin 
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European Union – EMEA  

• Usual BE Acceptance Criteria 

  Both AUC and Cmax – 90% CI of T/R 
 ratios should fall within 80 – 125% 

• Recommended BE Acceptance Criteria for 
 Generic NTI Drugs 

 AUC: 90.00-111.11% 

 Cmax: 90.00-111.11% should also be applied for Cmax 
where Cmax is of particular importance for safety, 
efficacy or drug level monitoring 

• Has No Listing of NTI Drugs 
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Japan – NIHS 

• Usual BE Acceptance Criteria 

  Both AUC and Cmax – 90% CI of T/R ratios should fall 
 within  80 – 125% 

• Recommended BE Acceptance Criteria for Generic NTI Drugs 

  No change in acceptance criteria for AUC and Cmax;  

  however, if dissolution profiles of lower strengths of 
 modified-release NTI drugs are not “equivalent” (f2 
 analysis) to  corresponding reference product profiles, 
 then in vivo studies must be done (no biowaivers) 

• List of 26 NTI Drugs – includes Digoxin, Lithium, Phenytoin, 
 Tacrolimus, Theophylline, Warfarin; adds others such as 
 Carbamazepine, Ethinyl Estradiol, Quinidine  
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FDA’s Effort 
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2010 FDA Advisory Committee for 

Pharm. Sci. Meeting 

• At the conclusion of the April 2010 ACPS 

meeting on NTI drugs, the Committee 

recommended, 13-0, that the FDA develop a list 

of NTI drugs with clear, specialized criteria for 

including drugs on the list. In addition, the 

committee voted 11-2 that the current 

bioequivalence standards are not sufficient for 

critical dose or NTI drugs and it was suggested 

that the standards need to be stricter 
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2010 FDA Advisory Committee for 

Pharm. Sci. Meeting (continued) 
• The Committee commented: 

– Replicate studies are important 

– The Agency should look at manufacturing data on 

excipients from existing formularies  

– The requirements for confidence intervals should 

perhaps be narrower (90-111%) and should include 

100% (or 1.0) 

• The ACPS Committee recommended future 

research, including pharmacodynamic (PD) 

modeling and therapeutic failure causes 

 



26 

Proposed NTI Drug Definition 
• Narrow therapeutic index (NTI) drugs are defined as those drugs where 

small differences in dose or blood concentration may lead to dose and 
blood concentration dependent, serious therapeutic failures or adverse 
drug reactions. Serious events are those which are persistent, 
irreversible, slowly reversible, or life-threatening, possibly resulting in 
hospitalization, disability, or even death.  Example NTI drugs include 
warfarin, levothyroxine, carbamazepine, digoxin, lithium carbonate, 
phenytoin, and theophylline. 

 

• NTI drugs generally have the following characteristics: 
– Steep drug dose-response relationship within the usual dose range or narrow 

span between effective drug concentrations and concentrations associated 
with serious toxicity 

 

– Subject to therapeutic drug monitoring based on pharmacokinetic (PK) or 
pharmacodynamic (PD) measures to ensure safe and effective use of the 
drug, and 

 

– Small within subject variability. 
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Simulation Studies 

• BE study design 

– Two, three, and four way crossover study 
designs 

• BE limit 

– 80-125% and 90-111% 

• Bioequivalence approach 

– Reference scaled average bioequivalence 

– σWO = 0.10 or 0.25 

• Variability comparison 

 



28 

Recommended BE Study  

Design for NTI Drugs 
• Four-way crossover, fully replicated design 

 

• Test product given twice 
 

• Reference product given twice 
 

• This design will provide the ability to 

– Scale a criterion to the within-subject 
variability of the reference product; and 

– Compare test and reference within-subject 
variances to confirm that they do not differ 
significantly. 
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Recommended BE limits for 

Generic NTI Drugs 

• BE limits will change as a function of the within-subject 
variability of the reference product (reference-scaled 
average bioequivalence (“reference-scaled ABE”)) 
 

• If reference variability is ≤10%, then BE limits are 
reference-scaled and are narrower than 90-111.11%  
 

• If reference variability is > 10%, then BE limits are 
reference-scaled and wider than 90-111.11%, but 
are capped at 80-125% limits  
 

• This proposal encourages development of low-variability 
formulations 
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FDA’s Survey on Quality and 

Standard 
• Product design and manufacturing 

• Drug assay 

• Content Uniformity 

• Dissolution 

• Stability 

• Recall 

• Field Alert, MedWatch, Adverse Event Reporting 

System (AERS), and Drug Quality Reporting 

System (DQRS) 
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Major Recall Rates of Surveyed 

NTI Compared with Overall Drugs 
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Content Uniformity with NTI drugs  

Scoring of NTI Tablet Products
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• Many surveyed NTI drugs are scored and have low dose strength 

 

• NDA/ANDA applicants often use the USP content uniformity standards as the 

specification limits for drug product batch release and did not provide CU and 

dissolution data of split tablets. 

 

• NDA/ANDA applicants rarely report detailed content uniformity data in their 

annual reports 
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Proposed potency specifications for 

NTI products 

• Generic versions of NTI drug products will 

be expected to meet assayed potency 

specifications of 95.0% to 105.0% 

• This will assure that switching between 

brand-to-generic or generic-to-generic will 

provide comparable doses 

• This will also help ensure consistency of 

the dose delivered throughout shelf life 
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2011 FDA Advisory Committee for 

Pharm. Sci. Meeting 
• The FDA Advisory Committee for Pharm. Sci. 

supports 

– the FDA’s draft definition of NTI drugs (YES: 11 NO: 0 

ABSTAIN: 2) 

– the two-treatment, four-period, fully replicated 

crossover design (YES: 12 NO: 1 ABSTAIN: 0) 

– the reference-scaled average bioequivalence 

approach (YES: 12 NO: 0 ABSTAIN: 1) 

– tighten the assayed potency standard for NTI drugs to 

95.0 – 105.0% (YES: 13 NO: 0 ABSTAIN: 0) 
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Future Development 

• Conduct variability simulation studies and 

develop an approach for variability 

comparison 

• Propose an approach for content 

uniformity 

• Publish the draft FDA’s approach for NTI 

drugs (warfarin etc) at the FDA individual 

product bioequivalence guidance 
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Conclusion 

• The FDA’s new quality and 

bioequivalence standards for NTI 

drugs will bring the US into harmony 

with other regulatory agencies and 

improve public confidence in quality and 

switchability of generic drugs 
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